1. Introduction {#sec1}
===============

Physicians are trying to establish the risk factors that might affect the spread of the novel SARS-CoV-2 virus and those that might worsen the prognosis of hospitalised patients \[[@bib1]\]. Among those, it seems that the new pandemic is complicated by an older one, which is already well-defined, that is obesity. Being overweight and obesity are defined as having abnormal or excessive fat accumulation, respectively, that may impair health \[[@bib2]\]. Obesity has nearly tripled worldwide since 1975, hence it has been characterised as a pandemic. In 2016, 39% of adults worldwide (more than 1.9 billion people) were overweight and 13% were obese (over 650 million people), whereas in 2018, 40 million children under the age of 5 were overweight or obese. Obesity is a major health concern, mainly because of its side-effects in humans and its associated morbidity and mortality rates \[[@bib3]\].

On the other hand, according to the World Obesity Federation, obesity-related conditions seem to worsen the effect of SARS-CoV-2; indeed, the Centres for Disease Control and Prevention (CDC) reported that "people with heart disease and diabetes are at higher risk of Covid-19 (SARS-CoV-2) complications and that severe obesity (body mass index \[BMI\] of 40 or higher) poses a higher risk for severe illness" \[[@bib4]\].

We therefore hypothesised that there might be a pathophysiological link that could explain the fact that obese patients are prone to present with SARS-CoV-2 complications.

Looking back on similar infectious outbreaks, during the 2009 H1N1 pandemic, obesity was recognized as an independent risk factor for complications from influenza \[[@bib5]\], thus it is not surprising that obesity is a potential independent risk factor for SARS-CoV-2 as well. Obese individuals have shown diminished protection from influenza immunization, since - despite being vaccinated - obese recipients are 2--3 times more prone to suffer from infection compared to non-obese. Thus, the potential implications for obesity in the SARS-CoV-2 outbreak should be elucidated \[[@bib6]\]. We hereby present "mechanistic" obesity-related problems that aggravate SARS-CoV-2 infection as well as tentative molecular links between obesity and SARS-CoV-2 infection.

2. "Mechanistic" problems {#sec2}
=========================

Obese patients often need bariatric hospital beds, which may be scarce and are definitely more difficult to position and transport by nursing staff. In these patients proper imaging diagnosis may be compromised (there are weight limits for the beds of imaging equipment). Obese patients are very prone to diminished airway flow, due to limited truncal expansion, making it difficult to ease the airflow (and increasing susceptibility to poor breathing) \[[@bib7]\]; oxygen consumption and respiratory potential can be seriously affected and predispose to infection and the need for more oxygen support \[[@bib7]\]. Finally these patients pose a serious challenge for intubation (since the additional adipose tissue on the larynx makes intubation more difficult).

3. Molecular pathways {#sec3}
=====================

So far, hyperglycemia was noted in 51% of cases with the novel SARS-CoV-2 infection \[[@bib8]\]. Hyperglycemia was also observed in patients with SARS in 2003, caused by a different type of coronavirus (SARS-CoV), partly because the virus leads to transient impairment of pancreatic islet cell function \[[@bib9]\]. Dipeptidyl peptidase 4 (DPP4; an enzyme responsible for the degradation of incretins such as glucagon like peptide-1, GLP-1) serves as receptor for MERS CoV (Middle eastern respiratory syndrome) and human coronavirus EMC \[[@bib9]\]. Moreover, hyperglycemia might also be caused by endogenous stress-induced glucocorticoid hypersecretion \[[@bib9]\].

Recent reports have shown an increased inflammatory environment, leading to a exacerbated cytokine profile (cytokine storm) in patients with SARS-CoV-2 disease \[[@bib10]\], mainly manifested by increased interleukin (IL)-2, IL-7, granulocyte-colony stimulating factor, interferon-γ inducible protein 10, monocyte chemo-attractant protein 1 (MCP1), macrophage inflammatory protein 1-α, and tumour necrosis factor-α (TNFα). Earlier investigations of SARS-CoV infection, showed that it mediated its actions via suppression of NF-kB (nuclear factor kappa-light-chain-enhancer of activated B cells) activity, resulting in lower Cox-2 (cyclooxygenase-2) expression (thus easing inflammation) \[[@bib11]\]. In MERS-CoV infection, translocation of NF-κB to the nucleus leads to a cascade of pro-inflammatory cytokines \[[@bib12]\]. Among all interleukins, IL-6 was found to be associated with a highly pathogenic SARS-CoV-2 infection, due to enhanced virus replication mainly in the lower respiratory tract \[[@bib13]\]. Moreover, levels of ferritin and IL-6 were statistically significantly higher in non-survivors compared to survivors in the recent outbreak of SARS-CoV-2 in China \[[@bib14]\].

Obesity represents a state of low-grade inflammation, with various inflammatory products directly secreted by adipose tissue. Hyperplastic or hypertrophied adipose tissue releases inflammatory cytokines (TNFα, IL-1, IL-6, IL-10), transforming growth factor-b (TGF-b), adipokines (leptin, resistin, adiponectin), MCP-1 (monocyte chemoattractant protein-1), CXCL5 (C-X-C motif chemokine ligand 5), hemostatic proteins (plasminogen activator inhibitor-1; PAI-1), proteins affecting blood pressure, (angiotensinogen) and angiogenic molecules (vascular endothelial growth factor; VEGF) \[[@bib15]\]. The main adipose tissue-derived inflammatory cytokines are TNFα, IL-1, IL-6, which altogether comprise an "inflammatory triad". Levels of TNFα are increased in obesity, indicating a role for this cytokine in the obesity-associated inflammation and particularly in insulin resistance and diabetes. Interleukin-1 can lead to the activation of transcription factors such as NF-kB, promoting inflammatory signalling overexpression of the angiogenic factor VEGF (vascular endothelial growth factor), while increased levels of IL-6 in obesity play a key role in inflammation-associated carcinogenesis, via the JAK/STAT (Janus kinase signal transducer and activator of transcription) signalling pathway \[[@bib16]\]. Features of inflammation are consequent hypoxia and ischemia (hypoxia is the lack of oxygen in the blood or in adipose tissue, while ischemia is caused by an inadequate blood flow). Both hypoxia and ischemia drive to a state of oxidative stress, further stimulating the secretion of inflammatory proteins and reactive oxygen radicals (radical oxygen species, ROS) that damage mitochondrial functionality and DNA \[[@bib17]\]. Thus, the hypertrophic, and at the same time hypoxic, white adipocytes change their normal protein synthesis and shift towards the production of cytokines and inflammatory proteins, leading to insulin resistance, type 2 diabetes mellitus (T2DM), metabolic syndrome, atherosclerosis and arterial hypertension, while recent evidence favours their implication in various types of cancer \[[@bib18]\].

Among the various products of adipose tissue, is leptin. Leptin is a cytokine that serves as an alarm (inhibition signal) to the body, in order to reduce caloric consumption and return to a steady state. Initially thought as the cure for obesity in a recombinant form, leptin was found to face serious resistance in the body of the obese. Although in obesity leptin levels are increased, the action of leptin *per se* is reduced, in a analogous way to insulin's action in patients with T2DM. Zhang et al. suggested that leptin resistance could aggravate the outcome of the patients during the 2009 A (H1N1) pandemic influenza, since leptin exerts positive effects in B cell maturation, development and function, along with alterations of lymphocytes and inhibition of CD8^+^ T cell response and impaired memory T cell response, seen in obesity, which both under normal circumstances would act against the virus \[[@bib19]\].

Hyperglycaemia or established T2DM (usually associated with obesity) have shown to be independent predictors of mortality and morbidity in patients with SARS \[[@bib9]\]. A proposed mechanism is that in SARS the noted enhanced release of cytokines leads to a state of increased metabolic inflammation. Especially in the case of SARS-CoV-2, a cytokine storm (elevated levels of inflammatory cytokines) has been suggested to be implicated in the multi-organ failure in patients with severe disease.

Adipose tissue expresses most of the components of the renin angiotensin aldosterone system (RAAS), such as angiotensinogen (AGT), angiotensin converting enzymes (ACE and ACE2) and their receptors, their mRNA being reduced in starvation and increased in overfeeding. Angiotensin (AT) II promotes prostacyclin synthesis, differentiation of the adipocytes and lipogenesis. Inside the adipose cell, ACE is stimulated towards the conversion of angiotensin I to angiotensin II, thus further stimulating the RAAS axis, the production of aldosterone and the rise in blood pressure \[[@bib20]\]. Various reports have included arterial hypertension as a risk factor for severity of SARS-CoV-2, possibly related to ACE2 via the actions of ACE-inhibitors and AT receptor blockers (ARB), given for the treatment of hypertension (ACE2 acts as receptor that indeed seems to facilitate the entry of coronavirus into cells) \[[@bib21]\]. Of note, the percentage of patients with hypertension suffering from SARS-CoV-2 is roughly the same as the prevalence of hypertension in the same age group, regardless of SARS-CoV-2 infection, which means that hypetension is not a risk factor *per se*, but rather a pre-existing disease at that age group \[[@bib21]\]. Overall data do not fully support the notion that discontinuation of these medications is beneficial, since other reports in animals show that elevated ACE2 expression might exert potentially protective pulmonary and cardiovascular effects \[[@bib21]\] ([Fig. 1](#fig1){ref-type="fig"} ).Fig. 1Selected metabolic pathways for obesity and SARS-CoV-2 infection; their common elements are shown in grey boxes. In obesity, resistance to leptin (along with resistin) leads to insulin resistance (both in the brain and in peripheral tissues) and eventually to hyperglycemia and T2DM. Moreover, adipose tissue releases ATG, which, via ACE is converted to AT II and increases blood pressure. SARS-CoV-2 attaches to cells via ACE2 and may provoke hyperglycemia (see text for more details); *FFA: free fatty acids, ATG: angiotensinogen, ACE: angiotensin converting enzyme, AT II: angiotensin II, AT 1--7: angiotensin 1-7 (vasodilatory), NO: Nitric Oxide, T2DM: type 2 diabetes mellitus, ACE2: angiotensin converting enzyme 2, ∗: is usually upregulated in subjects with hypertension on ACE-inhibitors and AT receptor blockers (ARB), ∗∗hyperglycemia has been reported in patients with SARS-CoV-2 infection -- the specific mechanisms have not been elucidated*.Fig. 1

Among the limitations of this work we have to note that although we presented possible and plausible links among the inflammatory and metabolic aspects of obesity and SARS-CoV-2 infection (based on the available - and rapidly evolving - literature), further relevant research is warranted.

4. Conclusion {#sec4}
=============

Both SARS-CoV-2 infection and obesity seem to share some common metabolic and inflammatory reaction pathways. On the one hand, obesity causes hyperglycemia via insulin resistance whereas SARS-CoV-2 may cause hyperglycemia as well (via mechanisms that are not elucidated yet). On the other hand, obesity represents a state of low grade inflammation, sharing many common molecules and pathways with those observed in SARS-CoV-2 infection.
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